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aging; internal anal sphincter; oxidative stress; rectoanal incontinence; RhoA/ROCK ALTHOUGH MULTIFACTORIAL, the intrinsic tone and fibroelastic properties of the internal anal sphincter (IAS) play major roles in maintaining rectoanal continence (4) . The IAS exhibits spontaneous myogenic tone: it relaxes in response to the rectoanal inhibitory reflex, leading to expulsion of feces. Surgery, trauma, radiation, childbirth (4, 26) , and aging are associated with a decrease in IAS tone and derangement of the fibroelastic properties of the IAS, leading to rectoanal incontinence (RI) (26, 42, 50) . Molecular mechanisms underlying the aging-associated decrease in IAS tone (AADI) are not known.
Aging is characterized by a progressive decline in physiological function and increased susceptibility to disease. Although multiple theories have been proposed for aging-related bodily dysfunction, the "mitochondrial free radical theory of aging" is widely accepted (1, 16) . It has been postulated that aging-related bodily dysfunction is the result of free radicalinduced oxidative stress and the inability of the antioxidant defenses to counterbalance these changes.
It follows, therefore, that AADI may be associated with oxidative stress. In general, when examined individually, aging (6, 13, 47, 51) and oxidative stress (36, 46) have been reported to decrease overall propulsive activity of the gut because of degenerative changes at the neuronal and muscular levels. Neuromuscular degenerative changes have been reported in the aging IAS (49) , and it has been suggested that a decrease in IAS tone and altered rectal sensation may be the leading causes of aging-associated RI (3, 13, 31, 42, 48) . At the smooth muscle level (e.g., rat colon), aging-related changes in colonic motility have been suggested to be via decreases in phosphorylation of the myosin-binding subunit of myosin phosphatase target subunit 1 (MYPT1) and regulatory MLC (MLC 20 ), secondary to RhoA-associated kinase (RhoA/ROCK) inactivation (41) . Interestingly, no studies examining the role of oxidative stress during aging in gastrointestinal dysmotility, especially in AADI, have been published. Since the majority of basal IAS tone is a function of the integrity of myogenic properties (10, 21, 22, 28, 34) , it is critical to examine the role of oxidative stress during aging in intact IAS smooth muscle and smooth muscle cells (SMCs).
Reactive oxygen species (ROS) are free radicals with a single unpaired electron (20, 44) , mainly produced by mitochondria as by-products of O 2 metabolism. The important ROS are superoxide anion (O 2 ·Ϫ ), H 2 O 2 , and the hydroxyl radical (Ȯ H) (44) . While in physiological range, ROS play important roles in cell signaling processes, their overproduction leads to oxidative stress, causing damage to cellular constituents, including DNA, proteins, and lipids (14) . Oxidative stress has been implicated in a large number of chronic degenerative diseases, such as atherosclerosis, pulmonary fibrosis, and cancer, and as a mechanism of senescence and aging (17) . Also, it has been well established that oxidative stress leads to decreased contractility of gastrointestinal smooth muscle (9, 45 (15) .
Homeostasis between the production and deactivation (by antioxidants) of ROS, which is crucial for human physiology, is known to be disturbed during aging (27) . The purpose of the present investigation is to determine the effect of oxidative stress on IAS tone in relation to aging, while monitoring the contractile signal transduction machinery RhoA/ROCK/phosphorylated MYPT1 (pMYPT1)/phosphorylated MLC 20 (pMLC 20 ). To induce and monitor oxidative stress, we used the O 2 ·Ϫ generator LY83583 and specific dihydroethidium (DHE) staining strategy, respectively. Force measurement. IAS tissues were dissected from the anal canals of the adult and aging rats in KPS. The serosa, adventitia with blood vessels, longitudinal smooth muscle layer, and mucosa and submucosa were carefully removed, and ϳ1 ϫ 10-mm strips of the circular smooth muscle (CSM) layer were prepared and hung in 2-ml muscle baths containing oxygenated KPS. Initially, we applied a tension of 1.0 g and then allowed the strips to equilibrate for 60 min. To determine the amplitude of active basal tone in each strip, we determined the relaxing effects of Ca 2ϩ -free (0 Ca 2ϩ ) KPS in the beginning and at the end of each experiment. All force data were monitored using force transducers (model FT03, Grass Instruments, Quincy, MA) and Chart 4.1.2 via a PowerLab/8SP data-acquisition system (ADInstruments, Colorado Springs, CO). We determined the effect of 3 ϫ 10 Ϫ5 M LY83583 (an oxidative stress inducer) on basal IAS tone and on U46619 (10 Ϫ6 M)-induced contraction in the IAS before and after SOD. IAS smooth muscles were identified by development of steady basal tone that responded to immediate relaxation following electrical field stimulation (0.5-20 Hz, 0.5-ms pulse, 12 V, 4-s train duration).
MATERIALS AND METHODS

Selection
Isolation of SMCs and cell culture. SMCs from the IAS were isolated as described previously (38) . Briefly, IAS tissues from the CSM layer of the anal canal from adult and aging rats were cut into ϳ1-mm cubes, and the SMCs were dispersed using repeated shortterm incubations with oxygenated KPS containing 0.1% collagenase type I and 0.01% soybean trypsin inhibitor at 37°C for 1 h. Finally, the cell suspension was filtered through a 500-m Nitex mesh. The tissue trapped on the mesh was rinsed with 25 ml (5 ϫ 5 ml) of collagenasefree KPS and incubated in collagenase-free KPS at 37°C. The filtrate containing the cells was centrifuged at 350 g for 10 min at room temperature. The cells in the pellet were resuspended on collagencoated plates in DMEM with 5% fetal bovine serum, 5% penicillinstreptomycin, 50 g/ml gentamicin, 2 g/ml amphotericin B, and 50 g/ml sodium ascorbate (5) in 100-mm tissue culture dishes (Corning) at 37°C and 5% CO 2 in an incubator with regulated humidity.
Measurements of SMC length. Freshly isolated SMCs were resuspended in oxygenated KPS (at 37°C) at a density of 3 ϫ 10 4 cells/ml in 100-l aliquots and exposed to different concentrations of LY83583 and RhoA activator for 3 min. SMCs were then fixed with acrolein (final concentration 1%) and transferred onto chrome-alumcoated glass slides (Fisher Scientific, Pittsburgh, PA). The studies were repeated in the presence of SOD and LY83583, respectively.
Individual cell lengths were measured by micrometry using phasecontrast microscopy (19) with a custom-assembled microscope (Olympus, Tokyo, Japan) and a closed-circuit video camera (model MC-7, PULNiX America, Sunnyvale, CA) connected to a personal computer. Images of the cells were stored digitally, and cell lengths were measured by Image-Pro Plus version 4.0 (Media Cybernetics, Silver Spring, MD). Shortening of SMCs in each category of experiments was calculated as percentile of original cell length.
RT-PCR analysis. mRNAs were isolated from the smooth muscle strips and the SMCs using the TRIzol method. The smooth muscle tissues were flash-frozen in liquid N 2 and homogenized in 1 ml of TRIzol reagent (Sigma). SMCs were washed with PBS and lysed in 1 ml of TRIzol reagent. Then chloroform (200 l) was added to tissue and SMC samples, and the samples were mixed vigorously. Solutions were centrifuged at 1,500 rpm for 5 min at room temperature, and the aqueous layer was collected into a separate tube. A 0.7 volume of isopropanol was added to the tube, the contents were mixed gently, and the solution was centrifuged for 12 min at 15,000 rpm. The supernatant was discarded carefully to ensure that the pellet was undisturbed. The pellet was then washed twice with 70% ethanol, and RNA was dissolved in diethyl pyrocarbonate-treated RNase-free distilled water. RNA quality was assessed on 0.8% agarose gel and quantified using a NanoDrop spectrophotometer as the ratio of fluorescence at 260 nm to fluorescence at 280 nm and the ratio of fluorescence at 260 nm to fluorescence at 230 nm.
RNA (1 g) was reverse-transcribed using the Sensiscript RT kit for mRNA (Qiagen, Valencia, CA). RhoA, ROCK II, and GAPDH cDNAs were amplified using gene-specific forward and reverse primers (Table 1) . PCRs were carried out with GoTaq Green Master Mix (Promega) using an Eppendorf Mastercycler personal thermocycler Western blot analysis. IAS smooth muscle strips and SMCs from adult and aging rats, before and after treatment with LY83583, were flash-frozen in liquid N 2, suspended in ice-cold homogenization buffer (10 mM Tris·HCl, pH 7.5, 5 mM MgCl2, 2 mM EDTA, 250 mM sucrose, 1 mM dithiothreitol, and 1% Triton X-100), and homogenized using an IKA Ultra-Turrax T8 tissue homogenizer (Werke). The extracts were centrifuged at 800 g for 10 min, and protein concentration in the resultant supernatant was determined using a bicinchoninic acid protein assay reagent kit (Pierce, Rockford, IL). Twenty micrograms of protein in 20 l of lysates were mixed with 2ϫ Laemmli sample buffer (with final concentrations of 62.5 mM Tris, 1% SDS, 15% glycerol, 0.005% bromophenol blue, and 2% mercaptoethanol) and placed in a boiling water bath for 5 min. Proteins in the samples were separated by SDS-polyacrylamide gel [7.5% gel for ROCK II, phosphorylated (Thr 696 ) MYPT1, and MYPT1; 15% gel for RhoA, MLC20, and phosphorylated (Thr 18/ Ser 19 ) MLC20] and then electrophoretically transferred onto polyvinylidene difluoride membranes using the iBlot dry blotting system (Invitrogen, Carlsbad, CA) at room temperature.
To block nonspecific antibody binding, the membranes were soaked for 1 h at room temperature in LI-COR Odyssey blocking buffer and then incubated with the specific primary antibodies (1: 1,000 dilution of RhoA, ROCK II, pMYPT1, MYPT1, MLC 20, pMLC20, and GAPDH) diluted in LI-COR buffer containing 0.1% Tween 20 for 1 h at room temperature. After three 10-min wash cycles in Tris-buffered saline-Tween 20, the membranes were incubated with the IRDye680-and IRDye800-conjugated secondary antibody (LI-COR Biosciences) in darkness [bovine anti-rabbit (1:10,000 dilution) for RhoA/ROCK II, MYPT1, pMYPT1, and MLC 20; bovine anti-goat (1:5,000 dilution) for pMLC20]. After three more 10-min wash cycles in Tris-buffered saline-Tween 20, the membranes were kept in PBS buffer on a shaker for 10 min at room temperature in darkness and scanned using a LI-COR infrared scanner, and the integrated optical densities were determined using ImageJ software (National Institutes of Health, Bethesda, MD). The relative densities were calculated by normalization of the expression of each protein to that of GAPDH.
Oxidative stress quantification. The oxidative stress measurement protocol was adopted from previously published studies (36) 
For assessment of O 2 ·Ϫ production in the SMCs, SMCs from the IAS of adult and aging rats were grown on coverslips or in 96-well plates. SMCs were treated with different agents for different time periods. SMCs were preloaded with DHE (5 M) in DMEM for 30 min and then washed with medium. LY83583 (10 Ϫ5 M) was added to the DHE-treated cells, which were then incubated at 37°C for 10 min. The effect of 200 U/ml SOD on DHE fluorescence was also determined. To preserve the fluorescence signal, the cells were mounted with Prolong Gold mounting medium, and coverslips were applied. The slides were examined under the UV microscope, and photographs were taken under a Texas Red filter. Intensity of fluorescence (intensity per unit area, normalized to 1 in controls) was measured using Image-Pro software, and graphs were plotted using Prism version 5. Data analysis. Values are means Ϯ SE from at least four independent experiments and plotted using Prism 5.1 (GraphPad Software, La Jolla, CA). Student's unpaired t-test was used to compare two different groups. P Ͻ 0.05 was considered to be statistically significant.
RESULTS
Effect of aging on basal IAS tone.
Basal IAS tone was significantly lower in aging than adult rats: 21.0 Ϯ 3.0 vs. 51.0 Ϯ 0.6 mg/mg tissue wt (P Ͻ 0.05, n ϭ 4; Fig. 1) .
Effect of aging on RhoA/ROCK II expression. RT-PCR data from IAS smooth muscle tissues showed significantly lower expression of RhoA (0.61 Ϯ 0.021 vs. 0.86 Ϯ 0.031, P Ͻ 0.05, n ϭ 4) and ROCK II (0.33 Ϯ 0.017 vs. 0.54 Ϯ 0.033, P Ͻ 0.05, n ϭ 4) in aging than adult rats. Similarly significant differences in IAS tissues between adult and aging rats were obtained using Western blot analysis for protein expression levels. RhoA levels were 0.70 Ϯ 0.032 vs. 0.56 Ϯ 0.02, while ROCK II levels were 0.54 Ϯ 0.030 vs. 0.43 Ϯ 0.017, in adult vs. aging rats, respectively (P Ͻ 0.05, n ϭ 4; Fig. 2 ). These data suggest that the major molecular determinants of basal IAS tone, RhoA/ROCK (28, 29, 32, 33, 35) , were significantly lower in IAS from aging rats.
Increase in oxidative stress in IAS tissues and SMCs from aging rats. We monitored oxidative stress in intact smooth muscles and SMCs via DHE staining, which is known to specifically stain intracellular ROS (12) . Data revealed significantly higher levels of DHE fluorescence in SMCs from aging than adult rats (4.0 Ϯ 0.67 vs. 1.0 Ϯ 0.56, P Ͻ 0.05, n ϭ 4; Fig. 3, A and B) . These data suggest significantly higher levels of O 2 ·Ϫ in the IAS during aging. The oxidative stress inducer LY83583 mimics aging-related decrease in basal IAS tone. LY83583 has been widely used to induce an increase in O 2 ·Ϫ production in SMCs (8) . Treatment of IAS smooth muscle strips from adult rats with 10 M LY83583 significantly increased O 2 ·Ϫ production, as validated by a significant increase in DHE staining (from 1.0 Ϯ 0.50 to 4.0 Ϯ 0.45, P Ͻ 0.05, n ϭ 4; Fig. 3, A and B) . These values in IAS from adult rats pretreated with LY83583 were not significantly different from values in tissues from aging rats (P Ͼ 0.05; Fig. 3, A and B) . Similar increases in DHE fluorescence were observed in SMCs treated with LY83583 (Fig. 3, C and  D) . The specificity of increases in oxidative stress following LY83583 was confirmed by significant blockade of DHE staining by pretreatment of cells with SOD (P Ͻ 0.05, n ϭ 4; Fig. 3, C and D) . Decrease in basal IAS tone by LY83583 and reversal by SOD. These studies performed in adult animals revealed that LY83583 (3 ϫ 10 Ϫ5 M) produced a significant decrease in basal tone of 31.0 Ϯ 8.0% (from 100% of basal to 69.3 Ϯ 7.8%, P Ͻ 0.05, n ϭ 4; Fig. 4A ). To determine the specificity of the inhibitory effect of LY83583 in IAS smooth muscle, we examined the rescuing effect of LY83583 by SOD. Data revealed that SOD significantly reversed the inhibitory effect of LY83583 to levels (90.0 Ϯ 6.5%) not significantly different from the basal levels (P Ͼ 0.05, n ϭ 4; Fig. 4A ). In the same series of experiments, we found that SOD by itself had no significant effect on basal tone. These data revealed that the inhibitory effect of LY83583 on IAS tone was primarily via an increase in oxidative stress by increased production of O 2 ·Ϫ . A direct effect of LY83583 on the decrease in IAS tone was confirmed by its inhibitory effect on IAS SMCs. LY83583 (10 Ϫ9 -10 Ϫ6 M) caused a concentration-dependent increase in IAS SMC length; 10 Ϫ7 M LY83583 was the maximal inhibitory concentration (Fig. 4B) . In addition, this relaxant effect of LY83583 was significantly attenuated by pretreatment of the cells with SOD (P Ͻ 0.05; Fig. 4B ). 
Inhibitory effects of LY83583 and Y27632 on the increase in IAS tone caused by Rho activator and U46619. LY83583 (10
Ϫ7 M) caused significant attenuation of the SMC contraction produced by RhoA activator (P Ͻ 0.05; Fig. 4C ). Previously published studies from our laboratory in the IAS (11) and those of others using different smooth muscles (43) showed that U46619 produces sustained and concentration-dependent contraction via RhoA/ROCK activation. The present data show that, following sustained IAS contraction with U46619 (10 Ϫ6 M), LY83583 caused an immediate and precipitous decrease in IAS tone (Fig. 5A) ; the U46619-induced increase in IAS tone lasts Ͼ45 min. This inhibitory effect of LY83583 on IAS tone following sustained contraction with U46619 was similar to that with the ROCK inhibitor Y27632 (Fig. 5A) . Quantitative data in Fig. 5B show the absolute changes in IAS tone in the basal state following maximal sustained contraction at 10 min after U46619 and at peak relaxation with LY83583 and Y27632. Typical traces in Fig. 5C show the inhibitory effects of LY83583 and Y27632 on IAS contraction caused by U46619.
Inhibition of RhoA/ROCK and downstream signal transduction in the IAS by LY83583. In these experiments using IAS smooth muscle strips, LY83583 significantly decreased the membranous expression levels of RhoA (from a normalized control value of 1.0 to 0.30 Ϯ 0.05, P Ͻ 0.05, n ϭ 4) and ROCK II (from a normalized control value of 1.0 to 0.17 Ϯ 0.03, P Ͻ 0.05, n ϭ 4; Fig. 6, A and B) .
Similarly, RhoA/ROCK downstream signal transduction data reveal that inhibitory effects of LY83583 on IAS tone are associated with significant decreases in the levels of phosphorylated (Thr 696 ) MYPT1 and phosphorylated (Thr 18 /Ser 19 ) MLC 20 (P Ͻ 0.05, n ϭ 4; Fig. 6, C and D) . The abovedescribed data showing decreases in RhoA/ROCK at the membrane level and decreases in pMYPT1 and pMLC 20 are similar to data previously obtained with Y27632 in rat and human IAS (28, 35) . Together, these data suggest that an increase in oxidative stress (mimicked by LY83583) causes a decrease in IAS tone by its action directly at the SMC and via RhoA/ROCK inhibition.
DISCUSSION
These studies, for the first time, demonstrate the role of oxidative stress on the aging-associated decrease in IAS tone and the underlying control mechanisms, as depicted in the model in Fig. 7 . On the basis of the present findings, we conclude that 1) AADI is associated with an increase in oxidative stress, 2) oxidative stress is, in part, responsible for the AADI that corresponds with disruption of the underlying molecular control mechanisms RhoA/ROCK and the downstream signaling cascade, and 3) the antioxidant SOD (a O 2 ·Ϫ scavenger) successfully reverses oxidative damage in the IAS.
Rectoanal or fecal incontinence (RI) is known to have a devastating impact on quality of life (24) . Although the etiology of RI is multifactorial, a recent study demonstrates that age is an independent predictor of RI after adjustment for the number of chronic illnesses, overall health status, and physical activity (50) . Pathophysiology of aging-associated RI is not clearly understood. Knowledge of the molecular mechanisms and factors leading to AADI may hold the key in the therapeutic management of RI, at least in a certain category of patients with hypotensive IAS. Using a multipronged approach of functional and molecular biology, we evaluated the role of aging-associated oxidative stress in the IAS in adult (4 -6 mo old) and aging (24 -30 mo old) rats.
The present data suggest that aging leads to a decrease in the basal tone of the IAS due to downregulation of the RhoA/ ROCK signal transduction cascade. Previously published studies from our laboratory show the critical role of the RhoA/ ROCK pathway in maintaining the basal tone of the IAS in humans and rats (28, 33, 35) . Accordingly, spontaneously active RhoA leads to autophosphorylation and activation of ROCK. The latter leads to phosphorylation of MYPT1, thus inhibiting MLC phosphatase, and an increase in the levels of pMLC 20 . Therefore, it follows that low levels of RhoA/ROCK in aging may unleash MLCP, causing dephosphorylation of pMLC 20 and, thus, a reduction of basal IAS tone. In support of our studies, data from rat colon have shown reduced colonic motility associated with downregulation of the RhoA/ROCK signaling cascade with aging (40, 41) . The present data, however, add a new dimension to the existing knowledge; i.e., these aging-associated changes in basal tone are due to increased oxidative stress during aging. Additionally, it is conceivable that aging may also adversely affect neurally mediated rectoanal inhibitory reflex-induced relaxation of the IAS; this aspect, however, is not within the scope of the present investigation.
Oxidative stress has been implicated in many diseases, including the aging-associated decrease in gastrointestinal smooth muscle tone (17, 37) . The increase in oxidative stress is a consequence of imbalance between an increase in ROS production and a decrease in the body's antioxidant mechanisms (1, 16) . Evidence in support of a relationship between oxidative stress and AADI emerges from our experiments with LY83583, which successfully induced oxidative stress in IAS smooth muscle tissues and SMCs, as demonstrated by the increase in DHE fluorescence intensity. The ability of LY83583 to generate O 2 ·Ϫ (25) is confirmed by nearly complete reversal of the LY83583-induced increase in DHE fluorescence intensity by SOD. The data further suggest that an increase in oxidative stress in LY83583-treated adult rats is similar to that in untreated aging rats. These data suggest that induction of oxidative stress in adult animals mimics aginginduced effects on the IAS.
Functional data showing a significant decrease in IAS tone following pretreatment of the smooth muscles with LY83583 and its rescue by SOD further confirm the roles of oxidative stress and free radicals in the decreased IAS tone during aging. The present studies provide novel data that the oxidative stress-induced decrease in IAS tone is associated with downregulation of the RhoA/ROCK pathway within IAS SMCs. This is revealed by the similarities between the effects of LY83583 and Y27632 (a ROCK inhibitor) on basal IAS tone and on the precontracted IAS by a RhoA activator per se, as well as via Rho/ROCK activation via U46619. Additional data including the effect of LY83583 on the IAS SMC confirm concentration-dependent relaxation of the SMC that is rescued by pretreatment of the cells with SOD.
Western blot analysis of LY83583-treated IAS smooth muscles showing reduced protein expression of RhoA/ROCK and its downstream targets pMYPT1 and pMLC 20 compared with control samples further confirms involvement of the RhoA/ ROCK pathway in oxidative stress. This was shown by a significant shift in the levels of RhoA/ROCK from the membrane to the cytosol in IAS SMCs treated with LY83583. This demonstrates a significant decrease in the activation of RhoA/ ROCK, as it has been shown that basal IAS tone is primarily dependent on constitutively active RhoA/ROCK (29) .
The role of oxidative stress in the decrease in IAS smooth muscle tone is in agreement with data from other regions of the gastrointestinal tract (37, 52) . Similar data (a decrease in IAS Fig. 7 . Simplified model for the mechanism of oxidative stress in the decrease in IAS tone during aging. An increase in ROS is a consequence of imbalance between levels of antioxidants (e.g., SOD, catalases, and heme oxygenase-1) and oxidants (e.g., O2
·Ϫ , hydroxyl ions, ferryl ions, and heme) that may cause oxidative damage within IAS SMCs, leading to downregulation of the RhoA/ ROCK and downstream signal transduction cascade. The net effect of these events leads to decreased IAS tone. We have used LY83583 to mimic generation of ROS and SOD to attenuate their damaging effect. tone; not shown) were obtained following pretreatment of IAS smooth muscle strips and SMCs with other superoxide generators, 2,2=-azobis (2-amidinopropane) and 1,1-diphenyl-2-picryl-hydrazyl (2, 18, 30) . These data from the gastrointestinal smooth muscle are, however, different from data from certain vascular smooth muscles, which showed superoxide-mediated contraction via RhoA activation (7, 23) . The exact reason for the differences remains to be determined. A possible mechanism for this contraction is ROS-mediated inhibition of nitric oxide effects (23, 25, 39) , since the basal state of smooth muscle contractility in those tissues is speculated to be a consequence of a net balance between multiple intracellular excitatory and inhibitory pathways. This implies that, in those tissues, nitric oxide synthase (NOS) activation plays an important role in the equilibrium for the basal tone, and NOS inhibition subsequent to oxidative stress may tilt the balance toward raising the smooth muscle tone. In support of this concept, we have observed that, in some experiments, LY83583 produces an increase in IAS tone that is converted to a decrease following treatment with the NOS inhibitor N-nitro-L-arginine. Conversely, in the human IAS, none of the IAS smooth muscle experiments displayed such a decrease in IAS tone (data not shown). Therefore, it is possible that differences in the responses to ROS may be tissue-specific and may depend on the redox status of the tissues and the type of maneuvers used to generate ROS. It is of interest that the effect of oxidative stress has not been examined in the spontaneously tonic smooth muscle tissues such as the IAS, which are driven by upregulated RhoA/ROCK signal transduction machinery (28, 29, 32, 33, 35) , where NOS plays a limited role in the spontaneous tone.
In summary, the present data suggest that oxidative stress during aging plays a significant role in the mediation of reduced basal IAS tone and that antioxidants such as SOD have an important role in reversing the aging-associated oxidative damage in IAS. In addition, these studies suggest a therapeutic potential of such antioxidants in reversing the effect of agingassociated oxidative stress in the hypotensive IAS and, in turn, in RI.
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